» A linear systems approach to advanced EUV resist
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SO,... WHAT DOESN’'T WORK? .
MOTIVATION o, o o LER spatial frequency roll-off - WHAT SEEMS TO HAVE WORKED IN THE PAST?
e Resist is one of the biggest challenges facing EUV Intrinsic bias — Find CD that What is the spatial frequency cutoff Resist-based MTF measurements - compare ‘resist contrast’ to
development remains constant through focus. ofa [lne edge? Corre!atlon length modeled aerial image contrast. Blur modeled aerial image with a PSF
« Problem lies in Which resist has the best ‘intrinsic’ resolution? Compare model and experimental (Lc) inversely proportional to cutoff. until it's contrast vs. CD curve matches experimental data.
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e Can we extract a resist blur (point-spread) function? NEW METRICS BEING EXPLORED matches experimental data. 8 z: s e S"‘;:":’f 12 )
50-nm 1:2 contact printing through eExtracted blur consistent with o Buned s"'l::\ B
RESIST MODELING BASED ON THE POINT-SPREAD dose - Measure printed CD through dose. observed resolution EEE’  FaueSoom

FUNCTION (PSF) METHOD

Compare to modeled CD through dose for
aerial images with different levels of
deprotection blur.

“Deprotection blur” function PSF
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50-nm CONTACT METRIC
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* PSF res'lsttmodedllr;g I$I fast andt d * Data collection - All experimental images
convenient, model easlly generate * EUV2D P1096A are collected at the SEMATECH Berkeley MET

¢ Provides intuitive link to resist e : using 0.35 <o <0.55 annular illumination
resolution limit o ; | Corner rounding of large features
Measure radius of 700-nm elbow ¢ Aerial images with varying degrees of blur
e Few parameters make model less R P R ) corner. Compare to modeled radius show degrading effective resist latent image
susceptible to extrapolation errors — oAm i Kimnk i A oel sroimate model © ® for aerial images with different levels G AT
T ass. o SPE o758 2005 of deprotection blur. i /
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. . . - Aerial image cross-section: 50-

e Resist process well modeled by deprotection blur function** CORNERS from 700-nm elbow patterns nm 1:2 contacts with varying / & Ve
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CORNER ROUNDING METRIC ; ; degrees of fon blur
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e How to determine ‘corner radius’? We've
used three methods: 1.) least-squares
circle fit, 2.) the curvature method* and Pon 56 c ES oo
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3') the ‘removed area’ method. Reported CD is the average of the same 20 central e Metric can be viewed as inverse

inthe 50-nm 1:2 . .
conactsin the S0rnm 1:2 con@ct amay Fourier equivalent to MTF method
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SENSITIVITY OF CONTACT METRIC

FOCUS - Modeling: generate aerial images through + 70-nm
of best focus and observe changes in CD vs. dose.

Zoomed Corner
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Model corner We found methods 1 and 2 were subject

Modeling Data: 0:5:35 nm blurs - : . > ; 5120 i
e Eocgg E"dpe"'"‘:"ta'- ‘gﬁser"i to errors on experimental data; decided to ; mmm‘
ow LD vs. dose changes throug use in-house ‘removed area’ method S 100
/ 50-nm FEM focus steps 2 Jv RHEM EUV-2D 33.12
) Resist G Process Window Resist H Process Window e For method 3 we draw radial line-outs to find [ / / T RHEM MET-1K 35 245
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e Excellent experimental control of focus & picking best focus FAS ° % 1 ? ot o E V\Fi)t(;rg;ts?:vzlsrrgggﬁ::it::t
from FEM; no need for full process window. 40 om) 50 (om)
Modeled comer rounding at dose-to-size for 700-nm T votecton sha oy iy
e Modeling predicts Focus-control blur-error ~ 1 nm elbow comers. Peprotecton blurs i nm. FUFM SUMMARY
OPTIC ABERRATIONS: 2) - d) show 0, 10, 20, and 30% o | e Two new PSF-based metrics for EUV resist testing developed;
¢ a) - d) show 0, 10, 20, an o rms ; S both appear to give a good measure of intrinsic resolution.
noise level lineouts. 10 random aberration maps in each noise level Add random low-order Zernike - Fatatlaee] 77 PP 9 9
coefficients fluctuations to MET o e Focus and aberration sensitivity study shows ~ 2-nm error bar
optic model in varying degrees | _ .. et ‘ mm‘ in extracted blur for both corner and contact methods.
. E
gnd obsergle tchanges in CD vs. e RHEM EUV-2D e Additional testing lower-blur resist platforms needed to verify
ose (contacts) B SR ReT L33 fidelity of corner and contact metrics at lower intrinsic blurs.
. H 60 54356 (EUV2D 2.0) RHEM 5496F 3B 34
¢20% RMS aberration ie e B[ @ e Both metrics require < 10 SEM images through dose.
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